Vibrio jasicida sp. nov., a member of the Harveyi clade, isolated from marine animals (packhorse lobster, abalone and Atlantic salmon) Six isolates of a facultatively anaerobic bacterium were recovered in culture from marine invertebrates and vertebrates, including packhorse lobster (Jasus verreauxi), abalone (Haliotis sp.) and Atlantic salmon (Salmo salar), between 1994 and 2002. The bacteria were Gramnegative, rod-shaped and motile by means of more than one polar flagellum, oxidase-positive, catalase-positive and able to grow in the presence of 0.5-8.0 % NaCl (optimum 3.0-6.0 %) and at 10-37 6C (optimum 25-30 6C). On the basis of 16S rRNA gene sequence analysis and multilocus sequence analysis (MLSA) using five loci (2443 bp; gyrB, pyrH, ftsZ, mreB and gapA), the closest phylogenetic neighbours of strain TCFB 0772 T were the type strains of Vibrio communis (99.8 and 94.6 % similarity, respectively), Vibrio owensii (99.8 and 94.1 %), Vibrio natriegens (99.4 and 88.8 %), Vibrio parahaemolyticus (99.4 and 90.3 %), Vibrio rotiferianus (99.2 and 94.4 %), Vibrio alginolyticus (99.1 and 89.3 %) and Vibrio campbellii (99.1 and 92.3 %). DNA-DNA hybridization confirmed that the six isolates constitute a unique taxon that is distinct from other known species of Vibrio. In addition, this taxon can be readily differentiated phenotypically from other Vibrio species. The six isolates therefore represent a novel species, for which the name Vibrio jasicida sp. nov. is proposed; the novel species is represented by the type strain TCFB 0772 T (5JCM 16453 T 5LMG 25398 T ) (DNA G+C content 45.9 mol%) and reference strains TCFB 1977 (5JCM 16454) and TCFB 1000 (5JCM 16455).
99 % 16S rRNA gene sequence similarity (Fukui & Sawabe, 2007; Owens & Busico-Salcedo, 2006) , and it has been proposed that MLSA could be used as a means of differentiating these closely related taxa . Members of the Harveyi clade occupy a range of ecological niches in the marine environment and have been isolated from seawater (Yoshizawa et al., 2009) , salt-marsh mud and several species of aquatic animals. In particular, V. harveyi and, to a lesser extent, V. campbellii are the cause of significant disease in a range of wild and farmed animals (Austin & Austin, 1999) .
Six strains, TCFB 0772 T (5JCM 16453 T 5LMG 25398 T ), TCFB 1000 (5JCM 16455 5LMG 25399), TCFB 1976 , TCFB 1977 , TCFB 1978 and TCFB 1979 , were isolated from packhorse lobster, southern rock lobster (Jasus edwardsii), abalone and Atlantic salmon between 1994 and 2002 (Table 1) . Although TCFB 0772 T had been identified previously as V. harveyi (Diggles et al., 2000) , MLSA using seven genetic loci subsequently showed that TCFB 0772
T and the remaining strains were phylogenetically distinct from known Vibrio species . The aim of this study was to determine the taxonomic position of these six strains by a polyphasic taxonomic approach that included MLSA, chemotaxonomic characterization, DNA-DNA hybridization and expressed phenotype.
16S rRNA gene sequences (~1400 bp) of these strains were determined using primers 24F and 1492R (Lane, 1991) . To examine evolutionary relationships to the genus Vibrio, phylogenetic analysis was performed with the program MEGA4 (Tamura et al., 2007) . Multiple alignments of the sequences were performed using CLUSTAL W (version 1.6) (Thompson et al., 1994) . Distances were calculated using Kimura's two-parameter model (Kimura, 1980) . Clustering, based on the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony methods, was determined using bootstrap values based on 1000 replications (Felsenstein, 1985) . Sequence data of other Vibrio species were obtained from online electronic databases, namely The Taxonomy of the Vibrios (http://www.taxvibrio.lncc.br) and GenBank. 16S rRNA gene sequence analysis showed that the six strains belong to the genus Vibrio ( Fig. 1 and Fig. S1 , available in IJSEM Online) and are located within the Harveyi clade. 16S rRNA gene sequence similarities between TCFB 0772
T and the type strains of seven members of the Harveyi clade were 99.8 % for both V. communis and V. owensii, 99.4 % for both V. parahaemolyticus and V. natriegens, 99.2 % for V. rotiferianus and 99.1 % for V. campbellii and V. alginolyticus.
The genes encoding urydilate kinase (pyrH), a cell-division protein (ftsZ), a rod-shaping protein (mreB), DNA gyrase B subunit (gyrB) and glyceraldehyde-3-phosphate dehydrogenase (gapA) were used for MLSA. PCR primers for the Vibrio jasicida sp. nov.
five genetic loci and the reaction conditions used were taken from Sawabe et al. (2007) and Thompson et al. (2005) . Accession numbers for the sequences obtained are detailed in Table S1 . Phylogenetic trees for the five gene loci (2443 bp concatenation) were reconstructed in the same way as the 16S rRNA gene tree, and revealed a well-defined group within the clade, comprising TCFB 0772 T and the other five TCFB strains (Figs 2 and S2-S7). Sequence similarities by MLSA between the six TCFB strains were more than 99.5 %. The closest relatives were the type strains of V. communis (sequence similarity 94.6 %), V. rotiferianus (94.4 %), V. owensii (94.1 %), V. harveyi (92.3 %), V. campbellii (92.3 %), V. parahaemolyticus (90.3 %), V. alginolyticus (89.3 %) and V. natriegens (88.8 %) (Table S2 ).
Genomic DNA of the strains was prepared by the procedure of Marmur (1961) modified by omitting the use of lysozyme. The G+C content of the DNA was determined by HPLC (Tamaoka & Komagata, 1984) . DNA-DNA hybridization experiments were performed in microdilution wells using a fluorometric direct-binding method described previously by Ezaki et al. (1988 Ezaki et al. ( , 1989 . DNA-DNA relatedness data are shown as mean values of triplicate measurements. Mutual DNA-DNA hybridization experiments showed that the six TCFB strains were conspecific and were clearly delineated from closely related species (Table 2) .
Cell morphology and flagellar arrangement were determined using atomic force microscopy (model SPM-9500 J2; Shimadzu) as described previously (Nishino et al., 2004) . Temperature ranges and growth at different NaCl concentrations and pH were determined for strains TCFB 0772 T and TCFB 1977. The growth temperature was determined on ZoBell's marine agar 2216 (Difco), while the effect of NaCl concentration on growth was determined in a basal broth medium containing 0.25 % (w/v) polypeptone (Difco) and 0.05 % (w/v) yeast extract (Difco), pH 7.6, supplemented with NaCl in 1 % increments from 0 to 10 % (w/v). The pH range for growth was determined in halfstrength ZoBell's marine broth 2216 (Difco) with the pH adjusted with the following buffers at 50 mM: CAPS (pH 10.0), CHES (pH 9.0), HEPPSO (pH 8.0), MOPS (pH 7.0) and phosphate/citrate buffer (pH 6.0 and 5.0). The temperature, pH and NaCl ranges for growth were determined after 2 days of incubation at 20 u C. Catalase activity was determined by bubble formation in 3 % (v/v) hydrogen peroxide solution (Chester & Moskowitz, 1987 ) using colonies grown on ZoBell's marine agar. Oxidase activity was determined by using cytochrome oxidase paper (Nissui Pharmaceutical) and Kovács' method (Cowan, 1974) . were generated using 85 tests based on conventional methods for the Vibrionaceae, as described previously (Carson et al., 2006; Urbanczyk et al., 2007) . Phenotyping was expanded to include tests for caseinase (Barnes & Melton, 1971) , DNase (MacFaddin, 2000) with toluidine blue O overlay as indicator (Waller et al., 1985) , Tween 80 hydrolysis (Lee et al., 1978) , reduction of sulphur compounds to hydrogen sulphide (Lee et al., 1978) and the methyl red test (MacFaddin, 2000) ; all media had a final NaCl concentration of 1.5 % (w/v). Tests were conducted at 25 u C and incubated for 48 h.
The six strains were facultative anaerobes, glucose fermenters, oxidase-and catalase-positive with rod-shaped cells, motile by means of more than one polar flagellum, and sensitive to the vibriostatic agent O/129 (150 mg discs). Colonies were nondescript on ZoBell's 2216 marine agar; swarming did not occur and agarolysis was not observed. On TCBS medium, growth occurred as green translucent colonies. The strains had an absolute requirement for NaCl and grew in the presence of 0.5-8.0 % NaCl (optimum 2.0-6.0 %), at 10-37 u C (optimum 25-30 u C) and at pH 5.0-9.0 (optimum pH 7.0-8.0). The six strains had a largely uniform phenotype, with strain differences occurring in 11 tests (Table S3 ). In common with several other species of the Harveyi clade, the six strains were characteristically arginine dihydrolase-negative, lysine and ornithine decarboxylase-positive and urease-positive and fermented gentiobiose. Tests to distinguish the TCFB strains from members of the Harveyi clade were identified using the GBEST algorithm, part of the PIBWin software (version 2.0) suite of tools for probabilistic identification of bacteria (Bryant, 1991 (Bryant, , 2004 . All taxa could be differentiated by at least two tests with a test difference ¢70 % (Willcox et al., 1973 ) (see Table 3 for key differential tests). Analysis of cellular fatty acids was performed using the MIDI aerobe method (ChemStation version 4.02) (Xie & Yokota, 2003) . The cells were grown for 48 h at 20 u C on plates of ZoBell's 2216 marine agar. The predominant cellular fatty acids of TCFB 0772 T and TCFB 1977 were summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c) (49.1 and 45.8 %), C 18 : 1 v7c (18.2 and 17.8 %), C 16 : 0 (14.2 and 16.4 %), C 12 : 0 (4.0 and 3.9 %) and C 14 : 0 (3.5 and 4.4 %).
The profiles of the two TCFB strains were similar to those of the other species of the Harveyi clade, and the differences were insufficient to separate the species (Table  S4 ).
The phenotype of the TCFB group of strains is homogeneous and has properties that show that the group is closely related to species of the Harveyi clade, in particular V. 1000, 1976, 1977, 1978 and 1979 , for which the name Vibrio jasicida sp. nov. is proposed.
Description of Vibrio jasicida sp. nov.
Vibrio jasicida (ja.si.ci9da. N.L. n. Jasus zoological name of a genus that encompasses Jasus verreauxi, commonly referred to as the packhorse lobster, eastern rock lobster or green rock lobster; L. suff. -cida murderer, killer; N.L. n. jasicida Jasus-killer, a killer of packhorse lobsters).
Cells are rod-shaped (approx. 0.5 mm wide and 1.0-1.5 mm long), with rounded ends. On marine agar, it forms nonpigmented, translucent and round, 5-7 mm-diameter colonies that do not swarm; growth occurs on TCBS agar as green colonies. Facultatively anaerobic, oxidase-positive, catalase-positive and motile by means of more than one polar flagellum. Sodium ions are essential for growth. Mesophilic and neutrophilic chemo-organotroph that grows in 0.5-8.0 % NaCl (optimum 2.0-6.0 %), but not 0 or 10.0 % (w/v) NaCl; grows at 10-37 u C (optimum 25-37 u C), but not at 4 or 40 u C; grows at pH 6.0-9.0 (optimum pH 7.0-8.0), but not at pH 5.0 or 10.0. Strains are sensitive to the vibriostatic agent O/129 at 150 mg, but only some strains are sensitive at 10 mg; all known strains are resistant to ampicillin (10 mg), novobiocin (5 mg) and carbenicillin (100 mg). In common with species of the Vibrionaceae, nitrate is reduced to nitrite but not further to gaseous nitrous oxide or nitrogen. The arginine dihydrolase test is negative; acetoin is not formed (VogesProskauer reaction). All known strains are positive for lysine and ornithine decarboxylases, are positive in the methyl red test, produce indole from tryptophan and hydrolyse aesculin, gelatin, casein, DNA and starch; most strains hydrolyse Tween 80. Acid end products are generated by fermentation of amygdalin, arbutin, cellobiose, D- The type strain is TCFB 0772 T (5JCM 16453 T 5LMG 25398 T ), isolated in New Zealand from packhorse lobster phyllosoma with luminous vibriosis.
